Abstract A screening study was conducted to investigate the nutrient composition, anti-nutritional factors, in vitro gas (GP) and methane (CH 4 ) production of leaves and whole pods in tropical multipurpose trees (MPTs). The results indicated that the highest CP (296 g/kg DM) was found in Moringa stenopetala leaves followed by Acacia abysinica (277 g/kg DM), Millettia ferruginea (264 g/kg DM), Prosopis juliflora (261 g/kg DM) and Moringa oleifera (256 g/kg DM). In whole pods, the CP ranged from 172 in M. ferruginea to 191 g/kg DM in M. stenopetala. The starch in M. stenopetala, P. juliflora and Chamaecytisus palmensis leaves was 44.2, 28.8 and 24.4 g/kg DM, respectively. Leaves of Cajanus cajan had the highest concentrations of valine, isoleucine, leucine, phenylalanine, lysine and threonine. The highest concentration of total and tannin phenols were observed in leaves of A. nilotica while P. juliflora leaves had the lowest. Leaves of M. oleifera had higher total phenols and soluble condensed tannins than those of M. stenopetala. The in vitro GP were (P \ 0.05) higher in leaves of Moringa species, Sesbania sesban, C. palmensis and Leucaena leucocephala than other MPTs. The CH 4 production in A. nilotica, P. juliflora and C. cajan leaves was 1.05, -1.16 and 1.79 ml/ 200 mg DM, respectively and were lower (P \ 0.05) than other MPTs. The lowest CH 4 was observed in M. ferruginea pods (2.64 ml/200 mg DM) being (P \ 0.05) different from other species. In conclusion, leaves of A. nilotica, P. juliflora, C. cajan and pods of M. ferruginea were identified as potential candidates in mitigating CH 4 production and might be used as feed additives or supplementary feed for grazing ruminants.
Introduction
In mixed-farming system, natural pasture which is usually low in nitrogen and high in fiber is the main source of feed in arid and semi-arid pastoral areas of Africa. However, grazing lands are steadily shrinking by conversion to crop production, and natural pastures are also restricted to areas that are marginal and have little farming potential (Mengistu 2004) . The reduction in natural pasture has led to domination by undesirable forage species resulting in partial dependence on low quality crop residues by most ruminants particularly during the dry season (Beyene 2009 ). The consumption of low quality forages have resulted in increased methane production to the environment. Moreover, the crude protein content of herbaceous rangeland vegetation declines drastically during the dry season leading to reduced livestock productivity. Uncontrolled and excessive use of scarce communal grazing lands has also contributed to their degradation, reducing further the availability of livestock feed resources. Hence, there is an increasing interest in the search of potential livestock feed resources such as foliages of tree and browse species that are adapted to these environments.
In most tropical countries, there are potential plants that may be particularly useful as feed supplements to the typical low-quality animal diets particularly during the dry season (Soliva et al. 2005; Melesse et al. 2012; Anyanwu and Etela 2013; Debela and Tolera 2013) . Various types of multipurpose tree (MPT) species in the tropics are well adapted to harsh environments and produce a substantial amount of good quality foliages rich in protein and minerals. They have been reported to be more nutritious than most grasses and herbaceous legumes and conserve their nutrients into the dry season when feed resources are depleted (Pamo et al. 2007 ). They could be reliable sources of protein supplement to low quality forages such as cereal crop residues in areas where conventional feed resources are scarce or inaccessible (Khamzina et al. 2006) .
Considerable efforts have been made to explore the possibility of reducing methane production from animals using an in vitro technique (Soliva et al. 2003; Parra-Garcia et al. 2016) . Kaitho et al. (1998) and Soliva et al. (2008) suggested screening the leaves of MPT species for in vitro gas production as an indicator for their degradability and for chemical composition, to get a rapid and simple assessment of their suitability as feed supplements. However, there is still lack of sufficient data describing and indentifying foliages of the Ethiopian MPT species with possible low methane production when fed to tropical ruminants. This experiment was thus conducted with three objectives: (a) to assess the nutrient composition and anti-nutritional factors of foliages from tropical origin MPT species, (b) to investigate the in vitro digestibility characteristics of these plant materials and (c) to identify potential foliages of multi-purpose trees to use for mitigation of enteric CH 4 emission by using the Hohenheim in vitro gas production technique.
Materials and methods

Feed sample collection and preparation
Samples of leaves were collected from Sesbania sesban, Moringa stenopetala, Moringa oleifera, Acacia abysinica, Leucaena leucocephala, Azadirachta indica, Cajanus cajan, Millettia ferruginea, Acacia nilotica, Prosopis juliflora and Chamaecytisus palmensis. Samples of whole pods (inclusive of seeds) were collected from M. stenopetala, M. oleifera, M. ferruginea and P. juliflora. All feed samples were collected during the short rainy season (March-May) in 2013.
From each tree species, three to five trees were randomly sampled and bulked to form representative samples. The petioles of the leaves were removed by hand. Matured whole pods were chopped using a knife to simplify the drying process. All plant samples were spread on a concrete floor and air dried under shade and ground to pass a 1-mm sieve size. The ground feed samples were kept in air-tight plastic containers until used.
Chemical analysis
Analyses of proximate nutrients and fiber fractions were performed as outlined by Verband Deutscher Landwirtschaftlicher Untersuchungs-und Forschungsanstalten (VDLUFA 2007) at the Institute of Animal Science, University of Hohenheim, Germany. The samples were analyzed for dry matter (DM, method 3.1), ash (method 8.1), crude protein (CP, method 4.1.1, N multiplied by 6.25), petroleum ether extract (EE, method 5.1.1), and crude fiber (CF, method 6.1.1). Neutral detergent fiber (aNDFom) was assayed on organic matter basis after amylase treatment (method 6.5.1) and acid detergent fiber (ADFom) on organic matter basis (method 6.5.2). Acid detergent lignin (ADL) was analyzed according to method 6.5.3. Starch was analyzed polarimetrically according to official methods (VDLUFA 2007; method 7.2.1). Cellulose and hemicellulose were computed as ADFom minus ADL, and aNDFom minus ADFom, respectively. Non-fiber carbohydrate (NFC) was calculated as 100 -(NDF ? CP ? crude fat ? ash) according to NRC (2001) . Nitrogen free extract (NFE) was computed by difference of organic matter and the sum of CF, EE and CP.
Minerals were determined according to methods 10 and 11 of VDLUFA (2007) using an inductively coupled plasma spectrometer (ICP-OES). Amino acid contents were measured by ion-exchange chromatography using an amino acid analyzer L8900 (VWR/ Hitachi). After a performic acid oxidation step, protein was hydrolyzed with 6 M HCl for 24 h at 113°C. The amino acids were separated on a cation exchange resin and detected after post column derivatization with ninhydrin reagent using VIS-detection at 570 nm (440 nm for proline).
Analysis of anti-nutritional factors
The phenol concentration, non-tannin phenol concentration, and extractable condensed tannins were analyzed according to Makkar (2003) , Jayanegara et al. (2011) and Porter et al. (1986) with modifications as described by Wischer et al. (2013) . The absorbance of total phenols and non-tannin phenols was recorded at 725 nm using a UV-Vis spectrophotometer (Perkin Elmer Instruments, Norwalk, CT, USA). Condensed tannins were analyzed by the butanol-HCl-iron method according to Jayanegara et al. (2011) . The absorbance was read at 550 nm using the same UV-Vis spectrophotometer as for total phenols and non-tannin phenols and was expressed as leucocyanidin equivalents. All analyses were performed in duplicate and values were averaged. If deviation between duplicates was above the level specified for each obtained values, the analysis for each sample was repeated.
In vitro gas production studies
Gas production protocols
Gas production (GP) was determined according to Menke and Steingass (1988) and the procedure of VDLUFA official method (VDLUFA 2007, method 25.1) . About 200 mg of feed sample was weighed and transferred into 100 ml calibrated glass syringes, fitted with white Vaseline lubricated glass-made plungers. Buffer solution was prepared and maintained in a water bath at 39°C under continuous flushing with CO 2 . Rumen fluid was collected before the morning feeding from two rumen-cannulated, lactating Jersey cows, fed a total mixed ration consisting (on DM basis) of 20% maize silage, 20% grass silage, 20% hay and 40% dairy concentrate. The rumen fluid from both cows was mixed, filtered and added to the buffer solution (1:2 v/v) under constant stirring. Thirty milliliters of buffered rumen fluid was injected into each syringe which was then immediately placed into a rotating disc and oven incubated at constant temperature of 39°C. Three syringes with only buffered rumen fluid, termed as blanks, three syringes with hay standard and another three with concentrate standard with known GP were included in each run. The GP of samples, blanks and standards was recorded at 2, 4, 6, 8, 12, 24, 32, 48, 72 and 96 h of incubation. The plunger of the syringe was re-set to 30 ml after the 6 and 24 h readings. For metabolizable energy (ME) estimation, the GP of the feed samples was recalculated as 24 h GP on 200 mg DM using results from the blanks, with the corrections determined by the standards of hay and concentrate, the sample weight and its DM concentration.
Parameter estimation
Estimation of organic matter digestibility (OMD) and ME (Menke et al. 1979; Menke and Steingass 1988) was computed from the corrected 24 h gas production as described hereunder:
where GP, CP, XL and XA are 24 h gas production (ml/200 mg DM), crude protein, crude fat and ash (g/ kg DM) of the incubated feed samples, respectively.
Gas production kinetics
The corrected GP recorded between 2 and 96 h of incubation and the kinetics of GP were described by using the exponential equation y = b 9 (1 -e (-c(t-lag)) ) which assumed one pool of asymptotic GP (b, ml/200 mg DM) with a constant fractional rate of GP (c, per hour) with a lag phase (lag, hours) in the onset of GP and parameter ''y'' is GP at time ''t'' (France et al. 2000; Blummel et al. 2003) .
Determination of methane (CH 4 ) production
For CH 4 determination, six separate in vitro runs were performed. Based on the previous in vitro GP results for each feed sample, we calculated the quantity of each feed sample to be incubated for 24 h without removing the produced gas in the syringes during the incubation period. After 24 h of incubation, total GP was recorded, and the incubation liquid was carefully decanted while leaving the gas inside the syringes. The CH 4 content of the total gas in the syringes was then analyzed using an infrared methane analyzer (Firma Pronova Analysentechnik GmbH & Co. KG, Germany) calibrated with a reference gas (13.0% CH 4 by volume, Westfalen AG, Münster; Germany). Syringes were directly connected to the analyzer and about 20 ml of gas was injected for about 20 s until the displayed methane concentration was constant. The CH 4 produced by each sample was corrected by the amount of CH 4 produced by blank syringes (containing only the rumen fluid) and by the factors of reference hay and concentrate feed which were included in each run.
Statistical analysis
Results of chemical and mineral compositions are expressed as means for duplicate analysis of a bulked sample. Model fitting for gas production kinetics and parameter estimation were done according to Blummel et al. (2003) by using the computer program GraphPad Prism 5.0 (2007) for Windows (GraphPad Software, Inc. La Jolla, CA, USA). Data on metabolizable energy, organic matter digestibility, 24 h gas and methane productions were subjected to one-way ANOVA using the general linear models procedure of the Statistical Analysis System (SAS 2010) Ver. 9.3, Institute Inc., Cary, NC, USA). Analysis of variance was conducted according to the following model: y ij = l ? P i ? R j ? e ij , where y ij is the independent variable, l is the overall mean, P i is the effect of the ith plant material, R j is the effect of the jth experimental run of the ith plant material and e ij is the residual error. All multiple comparisons among means were performed with Duncan's multiple range tests.
Results
Crude nutrients
The highest CP content was observed in M. stenopetala leaves followed by A. abysinica, M. ferruginea, P. juliflora and M. oleifera ( The CP contents in all pods were similar with the exception of M. stenopetala which had slightly higher values. The M. ferruginea and P. juliflora pods had the highest and lowest EE values, respectively (Table 1) . In M. stenopetala pods, the CF, aNDFom, ADFom and ADL values were comparatively higher than others MPT. In general, whole pods contain higher structural carbohydrates than leaves. The starch content in M. stenopetala leaves was exceptionally high followed by P. juliflora and C. palmensis.
Minerals
The highest Ca values were obtained from S. sesban and L. leucocephala leaves. Both Moringa species and M. ferruginea had high P values ( Table 2 ). The Mg values were highest in leaves of S. sesban, Moringa species, P. juliflora, C. palmensis and L. leucocephala. The Fe content was highest in leaves of M. stenopetala followed by C. cajan and B. vulgaris. The Cu contents of A. nilotica, C. cajan and A. indica leaves were higher than those of other tree species.
The highest Ca, P, Mg and K values were found in pods of Moringa species (Table 2 ). The pods of P. juliflora were better in all studied mineral contents (except for Mn) than those of M. ferruginea. The Fe, Cu and Zn values in P. juliflora pods were higher than those of M. oleifera. The manganese concentration greatly varied from 32.7 in A. nilotica to more than 500 mg/kg in C. palmensis. The overall average of Ca, Fe and Mn values in leaves were comparatively higher than those observed in whole pods.
Amino acid composition
Leaves of C. cajan had the highest concentration of essential amino acids valine, isoleucine, leucine, phenylalanine, lysine and threonine (Table 3) . Leaves of A. nilotica were highest in arginine, methionine and cysteine. The valine, isoleucine and leucine concentrations were comparable among the investigates leaves of MPT except C. cajan. The concentration of histidine was highest in M. ferruginea leaves while it was lowest in L. leucocephala. The concentrations of arginine, histidine and cysteine in P. juliflora pods were comparable to those of MPT leaves.
Anti-nutritional factors
Exceptionally high concentrations of total and tannin phenols were observed in A. nilotica leaves. Similarly, C. cajan leaves contain high contents of total phenols and soluble condensed tannins (Table 4 ). The highest concentration of non-tannin phenols was observed in C. palmensis. Leaves of M. oleifera had higher total and tannin phenols as well as soluble condensed tannins than those of M. stenopetala. However, whole pods of M. oleifera had low values of total and nontannin phenols as compared to those of other tree species. The lowest concentration of soluble condensed tannins was observed in leaves and whole pods of P. juliflora. In general, M. ferruginea pods had the highest concentrations of the investigated anti-nutritional factors. Arg arginine, Val valine, Ileu isoleucine, Leu leucine, Meth methionine, Phe phenylalanine, Lys lysine, His histidine, Thre threonine, Cys cysteine, Asp aspartic acid, Ser serine, Glu glutamic acid, Pro proline, Gly glycine, Ala alanine, Tyr tyrosine In vitro gas production patterns and kinetics
As shown in Fig. 1 , the maximum in vitro gas production was noted in leaves of M. stenopetala, M. oleifera and C. palmensis in a decreasing order. The A. nilotica leaves showed a unique gas production pattern as compared to other MPT species in which it slowed during the initial phase of incubation and increased between 12 and 24 h of incubation dramatically. The lowest gas production value was observed in P. juliflora leaves. The OMD and ME values were (P \ 0.05) higher in leaves of Moringa species, S. sesban, C. palmensis and L. leucocephala than those of the other MPT (Table 5 ). The lowest (P \ 0.05) ME was noted in leaves of P. juliflora followed by B. vulgaris and C. cajan with similar values. The lowest asymptotic gas production (parameter b) values were noted in P. juliflora and C. cajan leaves while the highest fractional rate of gas production (parameter c) was found in M. stenopetala leaves. As presented in Fig. 2 , the highest gas production was observed in whole pods of P. juliflora followed by those of M. oleifera and M. stenopetala.
The whole pods of P. juliflora, M. oleifera and M. ferruginea had higher (P \ 0.05) ME than those of M. stenopetala (Table 5 ). The OMD was (P \ 0.05) higher in whole pods of P. juliflora, M. oleifera and M. stenopetala than those of M. ferruginea. The asymptotic gas production (parameter b) was highest in P. juliflora while it was lowest in M. stenopetala and M. ferruginea with similar values. Leaves of P. juliflora, L. leucocephala, C. cajan, A. indica, B. vulgaris, M. ferruginea and M. oleifera showed a reduced lag time.
Methane production
Leaves of A. nilotica, P. juliflora and C. cajan produced the lowest (P \ 0.05) CH 4 gas fractions and methane-to-total gas ratios as compared to those of other MPT species (Table 6 ). The CH 4 values were particularly negative for P. juliflora. However, the CH 4 from leaves of M. stenopetala was higher (P \ 0.05) than those of other MPT species. In the whole pods, the lowest CH 4 (P \ 0.05) and methaneto-total gas ratios was observed in M. ferruginea. The lowest methane-to-total gas ratios was noted in M. ferruginea pods which differed (P \ 0.05) from those of other tree species. Although the CH 4 in P. juliflora pods was relatively high, the methane-to-total gas ratios was comparatively low (Table 6 ).
Discussion
Nutrient compositions and anti-nutritional factors
Nutrient compositions
The CP and ash contents in M. stenopetala leaves are similar to those reported by Melesse et al. (2012) Incubation time (h) Gas production (ml/200 mg DM) Fig. 1 Pattern of in vitro gas production potentials of leaves from common tropical multipurpose tree species measured over 96 h of feed sample incubation Table 5 In vitro estimates of metabolizable energy (ME), organic matter digestibility (OMD) and kinetics of gas production (ml/200 mg DM) in leaves and whole pods of multipurpose tree species b = Total asymptotic gas production (ml/200 mg DM). c = The rate at which b is produced per hour with a lag phase in the onset of gas production. Whole pods = Pods inclusive of seeds a-g Column means with different superscript letters differ significantly at P \ 0.05
Tree species
Calculated parameters Kinetics of in vitro gas production ME Makkar and Becker (1997) for M. oleifera leaves cultivated in India. The CP contents in A. nilotica leaves were similar to those of Rubanza et al. (2005;  176 g/kg DM). However, the NDF, ADF and ADL values were lower than those reported by the same authors. Such variations could be explained by the age of the plant and season when samples were taken and type of the soil where plants were cultivated. Although M. ferruginea leaf contains high CP, its utilization is likely to be limited by high NDF (545 g/ kg DM), ADF (426 g/kg DM), lignin (176 g/kg DM) levels and condensed tannins (33.0 g/kg DM).
However, in Ethiopia, fresh leaves, flowers and twigs of M. ferruginea are considered as edible parts of the plant by livestock (Banerjee et al. 2013; Alemu et al. 2013 Alemu et al. , 2014 . The CP and energy contents of P. juliflora pods are comparable to those of barley grain (Abdullah and Abddelhafes 2004) . In agreement with the findings of Rubanza et al. (2005) , A. nilotica leaves had the lowest aNDFom, ADFom and ADL contents. The CP, aNDFom and ADL contents in C. palmensis leaves were similar to those reported by Assefa et al. (2008 Assefa et al. ( , 2012 . Incubation time (h) Gas production (ml/200 mg DM) Fig. 2 In vitro gas production potentials of pods in selected tropical multipurpose tree species as measured over 96 h of feed sample incubation Table 6 In vitro methane gas production profiles of leaves and whole pods of some Ethiopian multipurpose tree species (mean ± SD) CH 4 = methane; GP = Gas production at 24 incubation of feed samples a-f Column means within tree species bearing different superscript letters differ significantly at P \ 0.05 g Pods inclusive of seeds Consistent to our findings, Bonsi et al. (1994) and Pamo et al. (2007) reported CP of 254 and 249 g/kg DM, respectively for L. leucocephala leaves of SubSaharan Africa. Except A. nilotica and B. vulgaris, the respective CP contents of all investigated leaves of MPTs (200-296 g/kg DM) are more than sufficient to maintain optimum rumen ammonia N levels and improve protein supply at the duodenum (Merkel et al. 1999) , thus suggesting their potential use as supplementary feeds when other forages' quality and quantity are low. Recent studies conducted by Mengesha et al. (2017) reported that supplementation of dried C. palmensis leaf up to 50% of the diet produces no deleterious effects on the performance of sheep, and inclusion to this level was recommended for superior growth performance and carcass yield in sheep fed on crop residue-based diets.
The P, Mg, Fe, Mn and Zn values in A. nilotica leaves were similar to those of Ondiek et al. (2010) reported in Kenya. The Cu, Mn and Zn in M. stenopetala leaves are comparable to those reported by Melesse et al. (2012) . However, high Ca, Mg, and Fe values were found in M. stenopetala leaves compared to those reported by the same authors. Ondiek et al. (2010) also reported low Ca, P, Fe, Mn, and Zn values for A. abyssinica as compared to the current findings. Factors such as soil, climate, stage of maturity and season may contribute to variations in the concentration of minerals in various MPT species.
The valine, isoleucine, phenylalanine and lysine concentrations in P. juliflora leaves were consistent to the average of six Prosopis species reported by Lyon et al. (1988) . Leaves of C. palmensis contain similar leucine, lysine, valine, iso-leucine, threonine, methionine and cysteine values with those reported by McGowan and Mathews (1992) . The contents of all essential amino acids in leaves of three P. juliflora species reported by Astudillo et al. (2000) were lower than those observed in the current study. These differences might be due to the quality of foliages of MPT which can be directly related to the rate of change in the phonological stage and such phenomenon is more pronounced in the tropics (Van Soest 1994).
Anti-nutritional factors
In the present study, high levels of total phenols was found in A. nilotica leaves which is in good agreement with the findings of Reed et al. (1985) who reported 49.1% (in DM) and is the only source where such high values were reported. Thus, the observed high concentrations of phenols and condensed tannins in A. nilotica and C. cajan leaves could limit their usage by ruminants through impaired feed digestibility and nutrient utilization as suggested by Rubanza et al. (2005) .
The P. juliflora leaves had the lowest concentration of total and tannin phenols as well as soluble condensed tannins and are in good agreement with those reported by Soltan et al. (2012) . The concentration of condensed tannins in P. juliflora pods is consistent to those of Makkar et al. (1990) and Sawal et al. (2004) . Animal based experiments conducted by Mahgoub et al. (2005) and Koech et al. (2010) reported that Prosopis seedpods can be safely fed up to 20% of the dietary intake of goats without adverse effect on nutrient digestibility. Similarly, Obeidat et al. (2008) reported that P. juliflora pods included at levels of 200 g/kg in Awassi lambs fed with finishing diets maximized feed intake, body weight gain and feed conversion.
In vitro gas and methane production
The extent of in vitro fermentation of both Moringa tree species (Fig. 1) is consistent with that of Melesse et al. (2013) and the elevated value might be attributed to the high content of starch (Table 1) , which has a strong association with gas production. Leaves of P. juliflora produced the least gas kinetics despite the fact that they contain low levels of condensed tannins. Studies by Khan et al. (2010) have indicated that aqueous extracts of P. juliflora leaves had moderate indole alkaloid which might be responsible for low asymptotic, rate and lag time of gas production.
The OMD and ME values in leaves of M. oleifera, S. sesban, C. palmensis and L. leucocephala were similar to those of Anele et al. (2009) for Nigerian MPTs. The ME and OMD values in M. stenopetala leaves are higher than those observed in other MPTs studied herein, possibly due to high digestibility of the cell wall carbohydrates as a result of very low ADL contents. Except for P. juliflora, C. cajan and B. vulgaris, all investigated MPTs had high ME, OMD values and produced relative high volumes of in vitro gas (parameter b) which suggests that their leaves contain high nutritional value for ruminant animals.
The most promising plants with reduced CH 4 potentials were leaves of A. nilotica, P. juliflora and C. cajan. The reduction in CH 4 production in A. nilotica and C. cajan leaves might be associated with the highest content of condensed tannins which have a direct toxic effect on methanogens and have the potential to modify rumen fermentation to reduce CH 4 production (Patra and Saxena 2011) . Moreover, the low CH 4 formation in C. cajan leaves might be attributed to the observed high concentration of phenolic compounds and their presumed antimicrobial properties as suggested by Kong et al. (2009) . Among the residues of the leguminous feed crops studied (Soliva et al. 2008) ; C. cajan appeared to be the most promising feed due to reasonably low methane formation potential at concurrently high ruminal ammonia release. Sotohy et al. (1997) conducted feeding trials using male Baladi goats which were fed with diets containing different levels of A. nilotica leaves and observed a considerable reduction of colony forming units in both faecal und ruminal juice samples and were directly related to increased levels of A. nilotica in the diet. In another study, Rubanza et al. (2007) reported weight gain of 114 g/day in small East African male goats fed on native pasture hay supplemented with 11.5% sun dried A. nilotica leaves. The feeding values of acacia species can be also improved through the addition of polyethylene glycol. According to the results of Odenyo et al. (2003) , addition of polyethylene glycol has increased the DM intake of sheep fed with leaves of Acacia angustissima.
The P. juliflora leaves produced the least CH 4 and yet they contain negligible amounts tannin (1.0 g/kg DM) and must be other plant secondary metabolites (other than tannin) which are capable of suppressing the activity of methanogenesis resulting in reduced CH 4 production. Thus, these results suggest that the antimethanogenic properties of P. juliflora leaves may not necessarily related only to their tannin content, but also to other ingredients as suggested by Soltan et al. (2012) . Moreover, in agreement with this scenario, Bodas et al. (2008) reported that Carduus pycnocephalus leaves were effective in reducing CH 4 in vitro when added to both forage and concentrate diets, and the observed effect was not due to the presence of tannin.
Among the pods studied, only those of M. ferruginea have shown to have methane-suppressing properties. This might be explained by its high contents of phenols and tannins (Table 4) which have been reported to reduce ruminal methane production (Bodas et al. 2008) . Moreover, M. ferruginea pods had relatively high fat content (78 g/kg DM) which might have impaired CH 4 production possibly due to the effect of the medium or long chain fatty acids, which might be toxic to rumen protozoa (Hook et al. 2010) . In agreement to our results, Makkar et al. (1990) reported low concentrations of total phenols and condensed tannins in P. juliflora pods.
Conclusions
Leaves of M. stenopetala, M. oleifera, M. ferruginea, A. abysinica and L. leucocephala have been identified as alternative sources of protein, suggesting their potential in supplementing low quality tropical forages. Leaves of S. sesban and L. leucocephala could be used as alternative calcium and magnesium sources while those of Moringa species and M. ferruginea as sources of phosphorous. Leaves of A. nilotica, P. juliflora and C. cajan as well as pods of M. ferruginea were identified as potential candidates in mitigating CH 4 production. Therefore, the combinations of these plant materials with grasses or agro-industrial byproducts could be an interesting future research area to concurrently reduce ruminal methane formation while enhancing the ruminant's supply with protein sources. Such studies could be tested under in vitro conditions as well.
